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NASA TT F-13,966 

ON TETRAGONAL FERROPLATINUM FROM THE NORIL'SK DEPOSITS 

A. D. Genkin and G .  V.  Basova 

ABSTRACT: The au thors  conducted chemical and X-ray s t u d i e s  
of  samples of fe r ropla t inum found i n  a cha lcopyr i t e  vein i n  
Nor i l ' sk  mines. 
o f  fe r ropla t inum f i l l i n g s .  
p l e  revealed a high content  o f  i r o n  aiild a c l o s e  resemblance 
t o  t h e  Ural fe r ropla t inum.  An o r i g i n a l  method of X-ray 
photography produced s u f f i c i e n t l y  i n t e n s e  l i n e s  and con- 
vinced t h e  au thors  t h a t  t h e  mineral  under s tudy  was f e r r o -  
platinum of  t e t r a g o n a l  s t r u c t u r e .  

I n  t h e i r  s tudy  they desc r ibe  t h e  unique form 
The chemical a n a l y s i s  o f  t h e  sam- 

Along with o t h e r  elements,  nat ive plat inum cons tan t ly  conta ins  i r o n  i n  t h e  /?OS* 

form o f  isomorphous impur i ty .  

group, polyxene, t h e  q u a n t i t y  of i r o n  comprises from 5 t o  11%. Other kinds of 
n a t i v e  platinum with a h ighe r  content  o f  i r o n ,  up t o  16-21%, have received t h e  

name of fe r ropla t inum (Vysotskiy,  1925; Betekht in ,  1935, 1950). A.  G .  Betekhtin 

(1950) poin ted  out  that up t o  t h a t  time fer ropla t inum was found only  i n  t h e  p l a c e r  

mtnes of t h e  Ural d e p o s i t s  (of Nizhniy-Tagil d i s t r i c t ) .  

Ural fe r ropla t inum i s  c l o s e  t o  1 : l .  

s t r u c t u r e .  

In t h e  most abundant mineral  o f  t h e  platinum 

The r a t i o  P t : F e  i n  t h e  

Like polyxene, it i s  of face-centered  c u b i c  

I t  has not  been s t u d i e d  microscopica l ly  i n  pol ished qec t ions .  

A.  Kussman and G.  R i t t b e r g  (1950) i n  s tudying  t h e  F e - P t  system es t ab l i shed  

t h a t  a l l o y s  i n  t h e  F e - P t  range under low temperatures form an ordered phase with 

t h e  s t r u c t u r e  of  AuCu type belonging t o t h e  t e t r a g o n a l  system with a = 3 . 8 7  

and with t h e  r a t i o  of axes e/a = .973. 

In the  X-ray s tudy  o f  s c h l i c h  platinum from N o r i l ' s k  depos i t s  V.  I .  Mikheyev, 

A. I .  Kal inin and E .  P.  Sa l ' dau  (1961) i n  t h e  Debye powder diagrams of  e l e c t r o -  

magnetic and magnetic f r a c t i o n s ,  represented  by t h e  mixture of  var ious  minera ls ,  

found l i n e s  c h a r a c t e r i s t i c  of fe r ropla t inum.  Regre t tab ly ,  t h e  o p t i c a l  and chemi- 

cal s tudy of t he  minera ls  was not  done. 

For  comparison with N o r i l ' s k  fe r ropla t inum V .  I .  Mikheyev and o the r s  conduc- 

t e d  t h e  X-ray s tudy of  a sample of  Ural f e r rous  platinum which i s  kept  i n  t h e  

Mines Museum o f  t h e  Leningrad Mining I n s t i t u t e  under No. 11/28 and they es tab-  

*Numbers i n  margin i n d i c a t e  pagina t ion  i n  f o r e i g n  t e x t .  
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l i shed  t h a t  l i k e  t h e  Fe -P t  a l l o y  (KUssman, R i t tbe rg ,  1950) i t  i s  an ordered 

phase wi th  t e t r a g o n a l  s t r u c t u r e .  

We found i n  t h e  cha lcopyr i t e  ve ins  of  t h e  Nor i l ’ sk  depos i t s  a mineral  which 

X-rays determined as c l o s e  t o  nat ive platinum, although it  d i f f e r e d  from i t .  

I .  V. Mikheyeva drew our  a t t e n t i o n  t o  t h e  c lose  resemblance of  t h e  Nor i l ’ sk  

mineral  t o  Ural t e t r a g o n a l  fe r ropla t inum (Mikheyeva e t  a l ,  1961.) 

Discovery Conditions and P rope r t i e s  of Ferroplatinum 

Ferroplatinum was found i n  pol i shed  s e c t i o n s  from t h e  cha lcopyr i te  ve in  

imbedded i n  sandstones (Taymyr mine, 203 m hor izon) .  The p r i n c i p a l  o r e  minerals  

o f  t h e  vein are cha lcopyr i t e  and p e n t l a n d i t e  which forms i n  cha lcopyr i te  l a r g e  

(over 1 cm) porphyry-l ike f i l l i n g s .  

i s  a r egu la r  a s s o c i a t i o n  of fe r ropla t inum and o t h e r  platinum minerals  with t h e  

hanging wall o f  t h e  ve in  and t h e i r  d i s p o s i t i o n  along i t s  f lucan  (Genkin, 1959). 

As i t  i s  observed i n  some o the r  veins  t h e r e  - /210 

Ferroplatinum i s  found i n  t h e  midst of  cha lcopyr i t e  i n  t h e  form of unique 

v e i n l e t s  (Figure 1)  up t o  . l - .15  mm i n  th ickness .  The v e i n l e t s  are charac te r ized  

/211 by i r r e g u l a r  boundaries ,  sharp  decreases  i n  depth,  and inc reases  i n  th ickness  - 
(Figure 2 ) .  

o f  t h e i r  p repa ra t ion  i n  cha lcopyr i t e  along t h e  plane.  Sometimes they  appear t o  

be s u f f i c i e n t l y  extended and sometimes they  c o n s i s t  o f  separa ted  p l a t e s  of  very 

p e c u l i a r  shapes (Figure 3 ) .  

The shape of  v e i n l e t s  becomes e s p e c i a l l y  d i s t i n c t  i n  t h e  process  

/212  - 
In  the  pa ragene t i c  a s s o c i a t i o n  with fe r ropla t inum t h e r e  are s tannopal lad i -  

n i t e ,  which i s  s t i l l  inadequately s tud ied  (Masleni tskiy,  1949; Genkin, Korolev, 

1961), and which i s  usua l ly  represented  i n  cha lcopyr i t e  by g ra ins  of round and 

ova l  shapes and n a t i v e  gold.  Sometimes fe r ropla t inum i s  enclosed by border  

f i l l i n g s  o f  s t a n n o p a l l a d i n i t e  (Figure 4 ) .  

I t  i s  i n t e r e s t i n g  t h a t  small well-formed c r y s t a l l i n e  p a r t s  of a p a t i t e  a r e  

sometimes loca ted  i n  t h e  s e c t i o n s  of t h e  vein ad jo in ing  t h e  f lucan  i n  which 

ferroplat inum i s  found. 

Grains of  fe r ropla t inum ex t r ac t ed  from a pol i shed  s e c t i o n  are colored i n  

t h e  range from s i lve ry -whi t e  t o  s t e e l - g r e y  with a s t rong  m e t a l l i c  g l i t t e r .  
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Figure  1, 
Chalcopyri te  (Grey). 

Veinle t s  of Ferroplatihum (Bright White) In  
Pol ished Sect iQn,  x 40. 

--- .._A . 

Figure 2 .  
(White) I n  Chalcopyri te  (Grey), Pol ished Sect ion,  x 165, 

I r r e g u l a r  F ~ r n s  of t h e  Ferroplatinum Vein le t  
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Figure 3 .  The Shape of A F i l l i n g  of Ferroplatinum Obtained 
By Dissolving Surrounding Chalcopyri te  I n  Concentrated HN03 x 80' 

Figure 4. Ferroplatinum (Bright  White) In  the  Form of A 
Border Surrounds F i l l i n g s  of S tannopa l ld in i t e  (Grey) I n  
Chalcopyr i te  (Dark Grey). Pol ished Sec t ion ,  x 165. 
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In reflected light the mineral is brilliant white, isotropic. The reflect- 
ing power in yellow light is (A = 558 mmc) 66%. 

Hardness is fairly high, but a steel needle produces lines on the metal. 

It is not etched by the usual reagents of diagnostic etching and concentra- 
ted acid. 
mineral is its strong magnetizability. 

It is etched only by aqua regia. A characteristic feature of the 

On the Composition of Ferroplatinum 

For taking samples of the mineral for chemical analysis its magnetizability 
and resistance to concentrated nitric acid were utilized. 
lamellar formations of ferroplatinum weze taken. 

About 30 mg of 

The analysis1 was conducted in two parallel batches weighing 15 and 13 mg 
in which platinum, iron, and palladium were determined. 
posed in aqua regia to complete dissolving. 
water and filtered. The filtrate was evaporated, was converted to chlorides, 
diluted with water, and platinum and palladium were precipitated from the volume 
of 100 ml. 
cipitation with ammonia. 
with aqua regia, converted to chlorides, and palladium was separsted from 
platinum by precipitating palladium with 1% solution o f  dimethyl glyoxime. 
the filtrate platinum was determined by the precipitation with calomel, calcina- 
tion, and suspension. The resu4ts of ferroplatinum are presented in Table 1. 

The batches were decom- 
The solution was dissolved with 

In the filtrate, iron was determined in the form of Fe2Q3 by pre- 
The precipitate of platinum and palladium was treated 

In the 

- - 
Table 1: Findings of the 6Gmica l  Analysis of Ferroplatinuxi= - --____ - - > i't I Fe I I'd 

1 
Batch 

- - - - _- . ._ - _ _  --- - -_ _ _  ._ - __ 
1-st 
2-nd 

/ 59.8 1 1 62.1 j 

I i 26.6 1 
I 

i 26.6 i 
I 

i i ' 

I 
! 10.0 
I 

I 
Interpolated to 10070 I 62.65 I 0.321 1 27.36 9.89 i 0.093 

I I 

IThe analysis was conducted in the laboratory of the Institute of General and 
Inorganic Chemistry of the Academy of Sciences.of the USSR by the analyst T. P. 
Solovykh. 
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The chemical analysis of ferroplatinum reveals some very interesting fea- 
tures of its composition. 
iron exceeding all values known up to now. 
of platinum to iron in the mineral described in this work is not 1:l as it is 
in the maximum contents of iron listed in the bibliographic references to the 
analysis of ferroplatinum, but 2:3. 

draws attention to itself. Perhaps, a part of palladium was brought about by 
the stannopalladinite impurity. 

X-Ray Study of Ferroplatinum 

The most salient feature is a very high content of  

/213 - In connection with this, the ratio 

The considerable content of palladium also 

In order to get a good X-ray picture of ferroplatinum, which usually has 
broken and blurred lines due to the malleability of the metal, we used the MIM-8 

microscope which is equipped with a marking lens. 
diamond pyramide of  this lens inserted into the microscope in place of the normal 
l ens ,  very fine particles were bored out from the fillings of ferroplatinum in 
a polished section. The latter were rolled into the ball of rubber gum with the 
diameter of  .5 mm, photographed on the URS-55 in the RKD chamber (X-ray diffrac- 
t i m  chamber) D-57.3 with FeK (a) radiation, and resulted in an X-ray picture 
with distinct and sufficiently intense lines (Figure 5) .  Results of the 
comparison of  the X-ray picture of the Noril'sk ferroplatinum fr-9 a chalcopyrite 
vein and the X-ray picture of the Ural ferroplatinum and ferroplatinum from 

/214 
I_ 

With the aid of the small 

sections of the Noril'sk deposits (Mikheyev and others, 1961) are presented 
Table 2 .  

- _  __ ~ _-. -_ . . - .-- 

s.-- 

in 

The data of Table 2 indicate to a large extent the close relationship be- 
tween the X-ray pictures of the ferroplatinum that is under study and the Ural 
ferroplatinum and their distinction from the X-ray picture of the Noril'sk 
ferroplatinum sections like the X-ray picture of the Ural ferroplatinum, the 
lines 200, 220, and 311 are split in two, while reflections 111 and 222 remain 
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nonsplit (Figure 5). V. I. Mikheyev (Mikheyev et al., 1961) explains on the 
basis of the theory of homology (Mikheyev, 1961) the phenomenon of splitting 
the lines on the X-ray picture of the Ural ferroplatinum by the tetragonalization 
of  the cubic lattice cell which is caused by bringing into order the atoms of 
iron and platinum in the face-centered structure. 
homology he indexed the X-ray bicture on the basis of tetragonal structure by 
parameters a = 3.867 A and c = 3.735 A, which are determined directly from re- 
flections 200 and 002. 
orderliness manifests itself not only in the splitting of lines, bu t  also in the 
appearance of overstructural lines with mixed indices, such as 110, 201, 310, 
and 320. 

Using the principle of 

v.  I. MikheyeV also points out that the phenomenon of 

Table 2: X-Ray Pictures of Noril'sk and Ural Ferroplatinum 

2 
2 
5 

10 
2 
1 
5 
5 
i 
i 

3 
3 1rI 

5 
2 
3 
3 
I 
2 
6 
7 
4 
Sllr 

3 
5 

3.13 
2.71 

(2.406) 
2.182 
2.09 
2.01 
1.919 
1.888 

1.817 
G.7@ 

1,515 
(1.474) 

1.343 
1.330 

(1.278) 
1.264 
1.219 

(1,206) 
1.154 
1.142 
1.114 
1.093 

1.032 
1.015 

d 

2.732 
(2.427) 
2.198 

1.930 
1.864- 

1.712 
1.598 

1.473 
I. 365 
1.338 
1.282 

1.224 

1.163 
1.133 
1.122 
1.098 
1.079 

- .--- 

hM 

00 1 
i 10 
111 p 
111 
200 8 

200 
002 

201 
211 

20.2 p 
120 
2177 
3 f l  j3 

310 

311 
i 1 3  

222 
320 
203 
312 

' : Sections, Noril'sk 
Deposits, Mikheyev 
et  al. (1961) 

, 1  

6 

1 
T 

5 

d 

2.45 
2.23 
2.12 

1.929 

1.727 

1. 365 

1.226 
I. I62 

1.113 

hkl 
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Most of the lines of the X-ray picture of ferroplatinum under study are apt 
to be well indexed similar .to the lines of the Ural ferroplatinum on the basis 
of  parameters a = 3.84 A and e = 3.78 A, which are determined by the reflections 
200 and 0 0 2 .  

Kussman and G. Rittberg (1950) f o r  ferroplatinum of composition Fe-Pt-e/a = .973. 

The fact that some of  the lines cannot be indexed is evidently caused by the 
presence of impurities. 

The ratio of axis e/a = ,980 is close to the value given by A .  

Thus the data of X-ray photography present justification to consider that 
the mineral under study is the ordered tetragonal ferroplatinum. 

We consider it our pleasant duty to express our gratitude to I. V. Mikheyeva 
for her assistance in work. 
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